OMMON bean (Phaseolus vulgaris L.) is one of the most important vegetable crops grown in Egypt. This study was conducted to determine the phenotypic, genotypic, and environmental correlations between seed yield and some of its traits, and to perform path analysis to assess the direct and indirect effects between seed yield per plant as dependent variable and the other traits as explanatory variables.Twenty-seven accessions of common bean were evaluated at El-Dalgamon village, El-Gharbia Governorate, Egypt during the two successive summer seasons of 2016 and 2017 using a randomized complete block design with three replications.The results revealed the importance of genotypic correlations coefficients compared to the corresponding values of phenotypic ones. The genotypic correlations were positive ranging from 0.60 to 0.99 for the correlation between seed yield per plant and each of plant height, number of leaves per plant, number of days to flowering, number of racemes per plant, number of days to maturity, number of pods per plant, and number of seeds per pod. Genotypic path analysis indicated the importance of positive direct effects of plant height, number of pods per plant, number of days to maturity, and number of seeds per pod, suggesting the direct selection of these traits to improve seed yield. Whereas, number of leaves per plant, number of days to flowering, or number of racemes per plant should be selected simultaneously with plant height or number of pods per plant since they had high positive indirect effects on seed yield through these two traits.
Introduction
Common bean (Phaseolus vulgaris L.) is a leguminous self-pollinated crop (2n= 2x= 22). It is one of the most important vegetable crops grown in the world as well as in Egypt to produce immature tender pods and/or dry seeds. According to FAOSTAT (2016) , the cultivated area of dry bean in Egypt was 34.08 thousand hectares with a total production of 112.9 thousand tonnes. Egypt exportation of dry beans was 34.4 thousand tonnes, and it was ranked sixteenth among the largest exporters of dry bean in the world.
Seed yield in common bean is a quantitative trait which is influenced by several genes and environmental factors, in addition, it depends on other related traits (Ejara et al., 2017) . The direct selection of complex traits such as seed yield may not be effective, thus, it is suitable to study the association between seed yield and its components to perform the indirect selection of traits related to seed yield (Ahmed and Kamaluddin, 2013 ).
Correlation and Path Coefficient Analysis for Seed Yield and some of its Traits in Common Bean (Phaseolus vulgaris L.)
Correlation and path analysis will clarify the relationship between various traits with seed yield, which will be important for effective selection procedures designed to improve seed yield. Although, the correlation coefficient is valuable to determine the relationship between traits, it does not provide the direct and indirect effects of different seed yield components. Path analysis gives information about the direct effect of a certain trait on another one and the indirect effects of such certain trait through the other studied traits. Correlation and path coefficient analysis could be used together to understand the cause and effects relationship between seed yield and its components to identify the traits which maybe considered as indirect selection criteria.
Many researchers studied the correlation and path coefficient analyses of seed yield and its components in common bean (Gonçalves et al., 2003 , Karasu & Oz, 2010 , Ahmed & Kamaluddin, 2013 , Singh & Singh, 2013 , Akhshi et al., 2015 , Ambachew et al., 2015 , Ejara et al., 2017 , Egypt. J. Hort. Vol. 46, No.1 (2019 I. A. AL-BALLAT AND A. A. AL-ARABY Gonçalves et al., 2017, and Panchbhaiya et al., 2017) . However, there are few reports (Mohamed, 1997) on this subject in common bean under Egyptian conditions. Therefore, this study was conducted to determine the phenotypic, genotypic, and environmental correlations between seed yield and some of its related traits in twenty-seven accessions of common bean and to perform path analysis to estimate the direct and indirect effects of such traits on seed yield.
Materials and Methods
The present study was carried out during the two successive summer seasons of 2016 and 2017, at El-Dalgamon village, Kafr El-Zayat, El-Gharbia Governorate, Egypt. The genetic materials comprised twenty-six common bean accessions obtained from the Nordic Genetic Resource Center (NordGen) in addition to Giza 6, the commercial cultivar widely grown in Egypt (Table 1 ). The accessions were cultivated for two generations for seed multiplication and disease-infected plants were discarded, then each accession was sown manually in four rows of 4 m long and 70 cm wide. Plants were spaced 10 cm within rows. The planting date was 4 th march in each year. The experiment was arranged in a randomized complete block design with three replications. (IPGR,1982) , eleven agronomic traits were evaluated as follows:
• Plant height in cm, was obtained as an average at maturity measured from the cotyledon scar to the plant tip.
• Number of leaves per plant,was calculated as an average number of leaves of 10 plants.
• Number of days to flowering, was estimated as the number of days from emergence until 50% of the plants set flowers.
• Number of racemes per plant, was calculated as an average from 10 plants.
• Number of days to maturity, was estimated as the number of days from emergence until 90% of pods are mature.
• Number of mature pods per plant, was recorded as an average of 10 plants at harvest time.
• Pod width in cm,was measured from the middle of the pod for an average of 10 randomly taken mature pods.
• Pod length in cm, was measured from the exterior distance from the pod tip to the peduncle for 10 randomly taken mature pods.
• Number of seeds per pod, was calculated as an average number of seeds from 10 randomly taken mature pods.
• 100-seed weight in g, was recorded as weight of 100 dry seeds at a moisture content of 12-14% from10 plants.
• Seed weight per plant in g, was estimated as the total weight of seeds from 10 plants divided by 10.
Data analysis
The mean values were used for statistical analysis. The analyses of phenotypic, genotypic and environmental correlations were estimated according to Miller et al. (1958) as follows:
Wherer p xy = phenotypic correlation coefficient between traits x and y. covp xy = phenotypic covariance between traits x and y. = phenotypic variance of trait x and trait y, respectively. rg xy = genotypic correlation coefficient between traits x and y. covg xy = genotypic covariance between traits x and y. = genotypic variance of trait x and trait y, respectively.
The phenotypic correlation coefficients were tested for their significance at the probability levels of 0.05 and 0.01 by comparing the value of correlation coefficient with tabulated Pearson's-r value at n-2 degree of freedom where "n" is the number of accessions,while the significance of genotypic and environmental correlations was evaluated by the bootstrap method (Efron, 1979) with 1000 simulations.
Path coefficient analysis was done based on the genotypic correlation coefficient. Dry seed weight per plant (seed yield) was considered as the dependent variable and the other traits as explanatory independent ones. The path analysis was carried out as given by Wright (1921) and the method of Dewey and Lu (1959) as follows: r ij = p ij + Σr ik p kj where, r ij is the mutual association between the independent trait (i) and the dependent trait (j) as measured by the correlation coefficient, P ij is the component of direct effects of the independent trait (i) on the dependent trait (j) and Σr ik p kj is the summation of components of the indirect effects of an independent trait (i) on the dependent trait (j) through all other independent traits (k).
The residual effect, which refers to the contribution of the remaining unknown factors and determines how best the independent factors stand for the variability of the dependent factor was calculated using the following formula:
Residual effect = where, Σ p ij r ij is a summation of the product of direct effect of a variable and its correlation coefficient with the dependent variable. All statistical analyses were performed using GENES software (Cruz, 2016) .
Results and Discussion

Correlation
Seed yield in common bean (Phaseolus vulgaris L.) is a complex trait with a quantitative nature, which is governed by several major and minor genes and is affected by variations in the environmental factors, making the direct selection of seed yield is a complicated process and may not be successful. The direct selection of another simply inherited trait which is strongly correlated with the seed yield, will facilitate the selection procedures and lead to desired progress in selection programs. Therefore, it is necessary to exploit the relationship between seed yield and its related traits, to define the suitable selection procedures designated to improve seed yield production in common bean.
The pleiotropism or "gene binding imbalance" can result in a genotypic correlation between two traits. Pleiotropism means that one gene can affect several traits at the same time, leading to strong correlation and gives the possibility for simultaneous selection of many traits together when one of them is selected (Falconer, 1960) . Plant breeders can use the genetic correlations, because they are heritable. As suggested by Lopes et al. (2002) , the indirect selection for traits can be performed when their correlation coefficient values with the desired trait are higher than 0.50. Accordingly, in the present study, the correlation coefficient is considered as weak when is less than 0.50, moderate when varies from ± 0.50 to ± 0.69, strong when varies from ± 0.70 to ± 0.89 and very strong when is higher than ± 0.90. Table 2 show the phenotypic, genotypic and environmental correlation coefficients among studied traits, which reveal that, for most traits at both years of study, the genotypic correlations were equal to or higher than the corresponding phenotypic ones, and they had the same signal, and both outperformed the environmental correlations. According to Ambachew et al. (2015) , these results show a minor environmental effect and greater importance of the genotypic factor to the trait expression, suggesting the possibility of success in indirect selection for such trait. These results agree with those obtained by Ambachew et al. (2015) and Gonçalves et al. (2017) . In several traits, environmental correlations presented difference in value and sign, in relation to phenotypic and genotypic correlations, which indicate that different physiological processes affect the genetic and environmental variations for these traits and the environment may restrict the direct selection (Falconer, 1960) . Similar results were reported by Gonçalves et al. (2017) .
Data in
The environmental correlation coefficient was equal to zero for the combination of 100-seed weight with number of racemes per plant in the second year, suggesting that the random factors affecting 100-seed weight are not related to the random ones affecting the number of racemes per plant.
There were highly significant (P < 0.01) positive phenotypic (rf) and genotypic (rg) correlations with very strong values in both years for the correlation of seed yield per plant with each of plant height (rf y1 = 0.979**, rg y1 =0.983**, rf y2 =0.969**, and rg y2 =0.972**) and number of pods per plant (rf y1 =0.986**, rg y1 =0.988**, rf y2 =0.983**, and rg y2 =0.985**), where y1 and y2 refer to the years of 2016 and 2017 respectively. The correlations were highly significant with strong positive values between seed yield per plant and each of number of leaves per plant (rf y1 =0.835**, rg y1 =0.840**, rf y2 =0.772**, and rg y2 =0.776**), number of racemes per plant (rf y1 =0.852**, rg y1 =0.864**, rf y2 =0.862**, and rg y2 =0.867**), and number of days to maturity (rf y1 =0.748**, rg y1 =0.755**, rf y2 =0.737**, and rg y2 =0.744**). While, moderate positive correlations (P < 0.01) were found for seed yield per plant and each of number of days to flowering (rf y1 = 0.597** , rg y1 = 0.601** , rf y2 = 0.553** , and rg y2 = 0.558** ) and number of seeds per pod (rf y1 =0.657**, rg y1 =0.663**, rf y2 =0.641**, and rg y2 =0.648**). These results suggest that the selection for higher levels of such traits is expected to improve seed yield in common bean accessions. Among these traits, plant height and number of pods per plant have correlation values close to "1" with seed yield per plant, which propose, the true relationship of these traits with seed yield and their importance as seed yield predictors, accordingly, the direct selection of taller plants and plants with greater number of pods can be performed to indirectly increase seed yield per plant. In this regard, Gonçalves et al. (2017) stated that the traits which have moderate to strong correlations with the desired trait, are important for successful indirect selection in initial stages of plant breeding.
Our results support those obtained by many researchers who found positive correlations between seed yield and plant height (Karasu & Oz, 2010 , Ahmed & Kamaluddin, 2013 , Akhshi et al., 2015 , Gonçalves et al., 2017 and Panchbhaiya et al., 2017 , number of pods per plant (Karasu & Oz, 2010 , Sadeghi et al., 2011 , Ahmed & Kamaluddin, 2013 , Cokkizgin et al., 2013 , Akhshi et al., 2015 , Panchbhaiya et al., 2017 , and Razvi et al., 2018 , number of seeds per pod (Karasu & Oz, 2010 , Sadeghi et al., 2011 , Ahmed & Kamaluddin, 2013 , Cokkizgin et al., 2013 , Akhshi et al., 2015 , Ejara et al., 2017 , Panchbhaiya et al., 2017 , and Razvi et al., 2018 , number of days to flowering (Ahmed & Kamaluddin, 2013 , Akhshi et al., 2015 , and Panchbhaiya et al., 2017 , number of days to maturity (Akhshi et al., 2015 and Panchbhaiya et al., 2017) , and number of racemes per plant (Panchbhaiya et al., 2017) .
In contrast to our findings, negative correlations have been reported between seed yield and plant height (Sadeghi et al., 2011 , Kulaz & Ciftci, 2013 , Önder et al., 2013 , and Ejara et al., 2017 , number of pods per plant (Önder et al. 2013 and Ejara et al., 2017) , and both of number of days to flowering and number of days to maturity (Sadeghi et al., 2011 and Razvi et al., 2018 ) .
Pod width had negative correlations with all traits except with 100-seed weight in both years, also pod length showed negative correlations with plant height, number of racemes per plant, number of pods per plant, pod width and seed yield per plant while it had positive correlations with the remaining traits. In addition, 100-seed weight had negative correlations with all traits except that with pod width and pod length, while all remaining correlation coefficients either phenotypic or genotypic among the other traits, were positive in both years.These results suggest that the selection for longer pods, wider pods, or greater weight of 100 seeds, will lead to a decrease in seed yield per plant.
In this respect, Panchbhaiya et al. (2017) found negative correlation between seed yield and pod length. Also, Gonçalves et al. (2003) , Singh and Singh (2013) and Akhshi et al. (2015) reported negative correlations between 100-seed weight and seed yield. On the contrary, positive correlations have been found between seed yield and each of pod width (Karasu & Oz, 2010 and Panchbhaiya et al., 2017) , pod length (Karasu & Oz, 2010 , Sadeghi et al., 2011 , Ahmed & Kamaluddin, 2013 , Cokkizgin et al., 2013 , Akhshi et al., 2015 , Gonçalves et al., 2017 , and Razvi et al., 2018 , 100-seed weight (Sadeghi et al., 2011 , Cokkizgin et al., 2013 , Gonçalves et al., 2017 and Razvi et al., 2018 , and 1000-seed weight (Karasu & Oz, 2010 , Önder et al., 2013 , Ejara et al., 2017 and Panchbhaiya et al., 2017 .
The results demonstrated that the traits which had the highest correlations with seed yield per plant were plant height and number of pods per plant, which exhibited both phenotypic and genotypic correlations coefficients higher than 0.90. Also, number of leaves per plant, number of racemes per plant and number of mature pods per plant showed strong positive correlation coefficients higher than 0.70 with seed yield, suggesting the possibility to increase seed yield by indirect selection of such traits.
Path analysis
The correlation coefficient is useful for measuring the degree and direction of association between traits. However, it can generate deceptive results because the high degree of correlation between two traits may happen due to the indirect effect of a third one (Cruz et al., 2012) (as cited in Machado et al., 2017) . Consequently, it is necessary to examine the cause and effect relationship between variables. Path analysis splits the correlation coefficient between traits into direct and indirect effects using main and explanatory variables (Ahmed and Kamaluddin, 2013) . In our study, we considered seed yield per plant as the dependent variable and the other traits as independent ones. Table 3 illustrate the results of the path coefficients of direct and indirect effects at the genotypic level of studied traits on seed yield per plant. In the first year, number of pods per plant had maximum positive direct effect ( 0.6224 ) followed by plant height (0.4012 ), number of seeds per pod ( 0.0895 ) and number of days to maturity (0.0629 ) with a contribution of 62.97%, 40.81%, 13.5% and 8.33 % of the genotypic correlation of each trait respectively with seed yield per plant.While, in the second year, the maximum positive direct effects were obtained by plant height (0.5778 ), number of pods per plant (0.3731 ), number of days to maturity ( 0.1582 ) and number of seeds per pod ( 0.1203 ), with a contribution of 59.43%, 37.89%, 21.27% and 18.58% respectively, which suggest the importance of these traits as selection criteria for high seed yield in common bean. On the contrary, number of leaves per plant, number of days to flowering and number of racemes per plant had negative direct effects, which indicate that the selection based only on these traits, will decrease the seed yield per plant.
Data in
Plant height and number of pods per plant had the largest positive direct effect on seed yield per plant along with the largest genotypic correlations. The traits which have high positive correlation and high positive direct effects are expected to be useful selection criteria in selection programs. Thus, the higher seed yield may be obtained from the direct selection of such traits.
All traits had high positive indirect effects through plant height and number of pods per plant in the two years of study except pod width, pod length and 100-seed weight which had negative indirect effects. Although, number of leaves per plant, number of days to flowering and number of racemes per plant had negative direct effects on seed yield per plant, they had high positive indirect effects through plant height and number of pods per plant which nullifies their negative effects, so, they were related to the seed yield mostly by their positive indirect effects resulting in high positive genotypic correlations. In case of negative direct effect along with positive correlation coefficient, it means that the indirect effects are the cause of positive correlation and the simultaneous selection should be considered (Singh and Chaudhary, 1985) . As a consequence, the selection based only on number of leaves per plant, number of days to flowering or number of racemes per plant will not be useful, as it will lead to the selection of accessions with lower seed yield and hence, the simultaneous selection of these traits accompanied by plant height or number of pods per plant is recommended.
Overall, to improve seed yield in common bean, the path analysis suggests the direct selection of plant height, number of days to maturity, number of pods per plant, or number of seeds per pod. Whereas, simultaneous selection with either plant height or number of pods per plant, should be considered for number of leaves per plant, number of days to flowering, or number of racemes per plant.
In this respect, many researchers found positive direct effects on seed yield for plant height (Karasu & Oz, 2010 , Kulaz & Ciftci, 2013 , Önder et al., 2013 , Ejara et al., 2017 , and Gonçalves et al., 2017 , number of days to flowering (Raffi and Nath, 2004) , number of days to maturity (Kulaz and Ciftci, 2013) , number of pods per plant (Gonçalves et al., 2003 , Raffi & Nath, 2004 , Karasu & Oz, 2010 , Ahmed & Kamaluddin, 2013 , Kulaz & Ciftci, 2013 , Ambachew et al., 2015 , and Ejara et al., 2017 , number of seeds per pod (Gonçalves et al., 2003 , Karasu & Oz, 2010 , Salehi et al., 2010 , Ahmed & Kamaluddin, 2013 , Önder et al., 2013 , Akhshi et al., 2015 , Ambachew et al., 2015 , and Ejara et al., 2017 , and 100 or 1000 seed weight (Karasu & Oz, 2010 , Kulaz & Ciftci, 2013 , Akhshi et al., 2015 , Ejara et al., 2017 and Gonçalves et al., 2017 .
On the contrary, negative direct effects on seed yield have been reported for plant height (Raffi & Nath, 2004 and Ahmed & Kamaluddin, 2013) , number of leaves per plant (Önder et al., 2013) , number of days to flowering (Önder et al., 2013 and Gonçalves et al., 2017) , number of days to maturity (Raffi and Nath, 2004) , number of pods per plant (Önder et al., 2013 and Gonçalves et al., 2017) , number of seeds per pod (Kulaz & Ciftci, 2013 and Gonçalves et al., 2017) , pod width (Karasu and Oz, 2010) , pod length (Ejara et al., 2017) , and 100 or 1000 seed weight (Önder et al., 2013 and Ahmed & Kamaluddin, 2013) . The likely causes of contradictory results might due to different accessions involved in each study, different environmental conditions and the difference of the studied parameters.
The residual effect shows how much the explanatory variables represent the variability of the dependent variable (Singh and Chaudhary, 1985) . The residual effect in our study at the genotypic path coefficient was 0.02 and 0.07 in the first and the second year, respectively, so the effects of studied traits explain 98 % and 93% of the variability in the seed yield in both years respectively and show that we did not consider few traits which are related to seed yield. In this regard, Ejara et al. (2017) found high residual effects both at phenotypic (45.82%) and genotypic (51.3%) levels.
Conclusion
This study suggested the indirect selection for plant height, number of pods per plant, number of seeds per pod, and number of days to maturity. Whereas, simultaneous selection with plant height or number of pods per plant will be suitable for number of leaves per plant, number of days to flowering and number of racemes per plant to select accessions with high seed yield potential in common bean.
